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Abstract 
The present paper discusses the designing of metallic earth-air tunnel system taking under consideration all the 
variables like cooling load, heating load of the classroom, optimum underground temperature, and weight of the 
soil acting on the underground duct. Duct is of Zigzag pattern and its cross-section is of square shape. The zigzag 
pattern resulted in less area occupied and shorter length of the duct required for proper air-conditioning effect. 
Part of the duct leading to the classroom is insulated in order to stop the temperature change of the conditioned 
air after coming in contact with atmospheric conditions. The results showed a 13oC reduction in temperature 
during summers. Heating effect in winters was relatively less, with just 5oC increase in temperature. 
Keywords: Ground Temperature Estimation, Metallic Duct, Heating and cooling Load, Pressure Drop in the 
Duct, Year Average C.O.P. 
 
1. Introduction 
Gurdaspur district lies in the state of Punjab in the republic of India. The geographical conditions makes it a 
place with variable temperature all round the year, with average day temperature ranging from maximum 42o C 
in June, to minimum 18o C in January. Air conditioners are used in summers and heaters in the winter. With 
rising electricity cost in the state, it was thought to implement such air conditioning equipments which would 
consume less electricity and give the thermal comfort to the occupants. Thus, implementation of the earth air 
heat exchanger system in one of the college’s classroom was done. The use of passive cooling technique for air 
conditioning of the air has been known for past few years. There has been a lot of research going on in this field 
to implement and optimize the passive cooling equipments for future use. Houghton et al. [1] made an attempt of 
reducing heat flux entering in the room by using the concept of open roof pond and spraying water over the roof. 
Tiwari et al. [2] gave a review on the evaporative cooling by spraying water over the roof. Sodha et al. [3] 
analyzed the ways of heat reduction by evaporation of water film over the roof and, by the flow of water over the 
roof. Mathematical model of the earth-air tunnel was proposed by Dhariwal and Goswami [4]. Goswami and 
Biseli [5] used a 12 inch diameter, 100 feet long corrugated pipe for air conditioning of residential building and 
compared the effects of open loop and closed loop systems along with the pipe material. Sharan and Jadhav [6] 
made use of metallic pipe to condition the air in Ahmadabad city in India. Al-Ajmi et al. [7] studied the model 
for employing it in desert conditions. Sehli et al. [8] tried to find out the potential of earth-air tunnel system in 
South Algeria. Further studies have been carried out and are still in progress in the field of earth-air tunnel 
system [9-18]. 
 
2. Methodology 
First of all, temperature gradient of the earth along its depth was recorded throughout. Then cooling and heating 
loads of the classroom was calculated and duct was designed subsequently. 
 
2.1 Temperature variation of the Earth with depth 
Though there have been many approximated relationships for finding the optimum temperature inside the earth’s 
surface [19-26], it was decided not to follow the generalized equations as their application is not viable at all the 
locations. Hence, a separate apparatus was made by attaching T-type thermocouples to a long stick at an interval 
of every 2 feet. A total of 6 thermocouples were attached on the wooden stick and each one’s wire extended to 
the instrument called temperature indicator. The ground was dug 10 feet deep and thermocouple apparatus was 
inserted. After inserting the apparatus, the hole was filled with soil again in order to get correct readings. The 
experiment continued for 1 year and the variation of soil temperature at various depths were noted for all 
seasons. The depth at which temperature remained nearly constant all round the year was at 10 feet. There were 
slight changes in the optimum temperature throughout the year, but it was ignored as the changes were in few 
decimals. A plot between atmospheric temperature and optimum underground temperature is made. The ambient 
temperature in Figure 1 is the maximum day temperature recorded, and averaged over whole month. The 
underground temperature depicts the optimum temperature recorded at 10 feet depth, and then averaged over 
whole month. 
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Figure 1. Variation of underground temperature with ambient air temperature throughout the year 
The temperature at a particular depth in Figure 2 is the average temperature for the whole season. Summer or 
winter has been categorized on the basis whether the average temperature of the month is more or less than the 
optimum underground temperature (24.3o C) respectively. As evident, the ambient temperature is above the 
underground temperature for almost seven months in a year. So, implementing the prototype in this area could be 
advantageous from cooling point of view. 
 
Figure 2. Temperature gradient of earth along its depth 
2.2 Designing phase 
Various variables were taken into consideration before designing the duct. These variables were cooling and 
heating load of the classroom, relative humidity of the area throughout the year, temperature gradient of the soil, 
and weight of the soil acting on the surface of the duct. The weight of the soil was considered in order to design 
the duct in such a way so that it does not collapse during backfill and thereafter. 
2.2.1 Cooling/Heating Load 
The dimensions of the room are 10.22 m by length, 7.38 m by width, and 4.12 m by height. It contains 3 
windows, 1 door, and 1 ventilator. The roof of the room is slanting in order to accommodate the stairs on the 
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ground of the room where benches are fixed. All the rules specified by ASHRAE 2013 Fundamentals handbook 
[27] were followed to find out the loads. CLTD method for calculations of the cooling load was followed. Solar 
Heat Gain Factor was used for heat coming through windows. While doing the calculations for internal sensible 
and latent loads of occupants, the maximum occupant capacity of the room was taken as 50. In heating load 
calculation, heat released by occupants (which was to be subtracted from the total value) is ignored as we have 
designed the prototype at peak load. The cooling load and heating load came out to be 6.1 KW and 2.4 KW 
respectively. So, in accordance with the ASHRAE fundamentals [27], the mass flow rate of air required to 
condition the room is 0.31 kg/s. conversion of mass flow rate into velocity is done which tells us that the velocity 
of inlet required at fan is 16.7 m/s. 
 
Figure 3. Side view of the room to be conditioned 
Table 1. Cooling and Heating load of the room calculated 
Source Cooling Load (W) Heating Load (W) 
Sensible Latent Sensible Latent 
Walls, floor, and 
roof 
1157 0 1423 0 
Glass panes 366 0 564 0 
Infiltration 610 0 407 0 
Occupants 2285 2500 0 0 
Lights & fans 1153 0 1153 0 
Total 5571 2500 3547 0 
2.2.2 Duct Layout 
It is already in the literature that for duct fabrication, PVC ducts are usually preferred over Galvanized Iron as 
there is not much difference in the thermal conductivity of two materials. But this small difference can also be a 
major factor on the performance of the prototype. So, it was decided to make duct in three parts. The main part 
would be square in cross section. It would be made of Galvanized Iron and placed at 10 feet depth. The GI duct 
would be connected with PVC round pipes at both ends. The fan would be installed at the first PVC part and the 
second PVC part would lead the air to the room. This is done because as the air flows from surface to 
underground at 10 feet, it does not go much conduction because the optimum ground temperature required for 
conditioning of the air is at 10 feet depth only. At any other depth, the temperature is not of the optimum value. 
Plus, employing PVC pipes at less conducting areas would reduce the cost of the prototype. The second part of 
the PVC pipe was insulated in order to prevent the temperature loss of the conditioned air after coming in contact 
with the ambient temperature. Now, the whole responsibility of heat transfer was on metallic duct lying 
underground. The pattern of the metallic part was designed through ANSYS. Various patterns were designed and 
analysis was run on each pattern in order to get an idea about the output temperature that it would give. The final 
pattern of the metallic part was finalized as zigzag shape and its cross section was of square shape, with side of 
square being 215 mm for proper convection of the air at design flow rate. 
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2.2.3 Analysis 
For a readymade PVC pipe of diameter 152.4 mm, and knowing the design flow rate of 0.31 kg/s, the velocity of 
air flow through the pipe comes out to be around 16.7 m/s, which reduce to 6.39 m/s in the metallic part. For 
getting less error in the calculations, the square cross section of the duct is always first considered to be of 
circular shape with equivalent circular diameter [27]. As the side of the square cross section of metallic part is 
216mm, its equivalent circular diameter is 246 mm and all the calculations are done by considering the metallic 
part as circular pipe of 246mm. inputting a speed of 6.39m/s, the metallic duct was again test run in ANSYS and 
checked for solution at the output. The visual solution is shown in the Fig. 4 and 5.  
 
Figure 4. Variation of air temperature along its way in the metallic part of the duct 
 
Figure 5. Temperature profile at the outlet cross-section of metallic part 
At the outlet of the metallic part, the software shows a change in temperature profile. The central part of the air is 
hotter than the air near the boundary layer by 2oC. This is because of the fact that the air at the innermost part 
goes less convection than the air near the boundary layer. So, average of the temperature over the whole cross 
sectional area is taken which comes out to be around 302.3 K. so, the results showed a decrease in temperature of 
the air by 17.7oC (the value of inlet air temperature of 320 K was inputted.) The assumptions that were made in 
the software were the flow was considered frictionless, and there was no pressure loss (static and dynamic) of the 
air. 
2.2.4 Weight of the soil 
The metallic duct placed underground faces certain amount of weight of the soil form top. In order to prevent the 
collapsing of the duct due to the soil weight, its thickness is designed by using flexural formula [28]. For 
calculations, the duct surface is considered as simply supported beam with uniform distributed load of soil acting 
on it. Considering soil density of 1200 kg/m3, the weight of soil on the duct is 7.86 kg/m. Inputting 140 MPa as 
the ultimate tensile strength of GI (Galvanized Iron), the minimum thickness of the duct sheet comes out to be 
1.02 mm. After all the variables were taken into account, final layout of the earth-air tunnel was made through 
CATIA software. Fig. 6 elaborates the dimensions of the metallic part of the duct. 
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Figure 6. Finalized pattern of the metallic part 
2.2.5 Designing of the fan 
Relative roughness of Galvanized Iron and PVC was found and the pressure drop of the air along its way is 
calculated [27]. The pressure drop (static and dynamic) came out to be 583 Pa (2.34 inch WC). In order to 
overcome this pressure loss, the fan power required is about 720 Watts (assuming suitable values of fan belt and 
motor efficiency). So, centrifugal fan with radial blades was bought. The rated power on the motor was 1 hp 
(747 watts approximately). 
2.2.6 Prototype assembling 
The prototype was assembled in different parts. The earth was dug with the help of excavator and metallic part 
was laid inside at 10 feet depth. The PVC parts were then connected with the metallic part with the help of 
adhesive. The openings of the metallic part were made round and of the same size as that of the PVC parts 
diameter. This ensured the proper joining of the parts which helped in preventing soil penetration in the duct 
during the backfill. It might be seen in Fig. 7 that there is slight difference in the proposed design and the actual 
fabricated part. This is due to the fact that it was relatively tough to round the 1 mm GI sheet at such a small 
radius of curvature. So, compromise is done at the area where duct is curved. 
 
Figure 7. Fabricated metallic part at 10 feet depth 
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Figure 8. Prototype after being installed at the site 
3. Results 
3.1 Input and output speed of the duct 
The prototype was test run in different weather conditions. Tests were carried out for different input speeds and 
related output speeds were noted. The equation of the trend line shows a slope of approximately 26o
 
between 
outlet and inlet velocity. 
 
Figure 9. Relationship between inlet and outlet velocity of the duct 
3.2 Coefficient of performance 
The prototype showed maximum C.O.P of 3.9 in peak summer conditions. The monthly average value of C.O.P. 
is changing due to the changing ambient temperature every month. The year average C.O.P. value of 1.97 is 
obtained. Also, in peak winter conditions, the maximum C.O.P of 1.2 is obtained. Fig. 10 shows the variation of 
C.O.P of the prototype with changing months. 
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Figure 10. Variation of Monthly Average C.O.P. with time 
 
3.3 Cooling/ heating effect 
The maximum cooling effect the prototype has given is 2.6 KW. Like C.O.P value, the cooling and heating value 
is also variable due to the variation of monthly average ambient temperature. The year average cooling and 
heating provided by the prototype was 1.87 KW and 0.92 KW respectively. Table 2 shows the variation of 
heating/cooling effect with time. 
Table 2. Cooling/ Heating capacity of the prototype in a year 
Month Cooling/ Heating (KW) Month Cooling/ Heating (KW) 
Jan 1.11 Jul 2.23 
Feb 0.93 Aug 2.04 
Mar 0.18 Sept 1.8 
Apr 1.48 Oct 1.48 
May 2.6 Nov 0.55 
Jun 2.6 Dec 0.74 
 
4. Conclusions 
So far, there are mixed views in the context of earth-air tunnel system. While some advantages favor it 
commercially, some of the restrictions hamper its use. 
 
4.1 Advantages 
The C.O.P and cooling effect of the prototype is best in the months of May and June, when the summer is on its 
peak. Though the C.O.P. is reduced drastically in winters in the months of November, December, February, and 
March, it can be increased by employing a small heating coil at the duct outlet. The system can only be used for 
sensible cooling and heating, i.e. it cannot be used for changing humidity directly. However, some independent 
equipment can be employed to maintain humidity within the limits of human comfort. The system consumes 
very less electricity as compared to Air Conditioners. It is also eco friendly, so there is no harm to the 
environment. The initial investment is a little more than the Air Conditioners but its maintenance is very less. 
 
4.2 Restrictions 
The only restriction that is there in case of earth-air tunnel system is ground availability. The system requires 
digging of the large ground area, which can be a problem at some places. 
 
References 
[1] Houghton F.C., Olson H.T. and Gutbert C., "Summer cooling load as affected by heat gain through dry, 
sprinkled and water covered roof", in ASHRAE Transactions, 1942, Vol. 46, pp. 231. 
[2] G.N. Tiwari, A. Kumar and M.S. Sodha, "Cooling by water evaporation over roof", Energy Conversion and 
Management, Vol.  22, 1982, pp. 143-153. 
[3] M.S. Sodha, U. Singh, A. Srivastava and G.N. Tiwari, "Experimental validation of thermal model of open 
Journal of Energy Technologies and Policy                                                                                                                                      www.iiste.org 
ISSN 2224-3232 (Paper)   ISSN 2225-0573 (Online) 
Vol.5, No.8, 2015 
 
78 
roof pond", Building Environment, Vol. 16, 1981, pp. 93-98. 
[4] Dhaliwal, Goswami, "Heat Transfer Analysis Environment Control using an Underground Air Tunnel", in 
ASME Solar Energy conference, 1984, pp. 505–510. 
[5] Goswami D.Y. and Biseli K.M. "Use of underground air tunnels for heating and cooling agricultural and 
residential buildings". Fact Sheet EES-78: A Series of the Florida Energy Extension Service, Institute of 
Food and Agricultural Sciences, University of Florida, 1993. 
[6] Sharan G., and Jadhav R., "Performance of Single Pass earth-Tube Heat Exchanger: An Experimental 
Study", Journal of agricultural engineering, Vol. 40, 2003 
[7] F. Al-Ajmi, D. L. Loveday, and V. I. Hanby, "The cooling potential of earth-air heat exchangers for domestic 
buildings in a desert climate", Building and Environment, Vol. 41, no. 3, 2006, pp. 235–244. 
[8] A. Sehli, A. Hasni, and M. Tamali, "The potential of earth-air heat exchangers for low energy cooling of 
buildings in South Algeria", Energy Procedia, Vol. 18, 2012, pp. 496–506. 
[9] P. Hollmuller, "Analytical characterization of amplitude dampening and phase-shifting in air/soil heat-
exchangers", International Journal of Heat and Mass Transfer, Vol. 46, No. 22, 2003, pp. 4303–4317. 
[10] X. Li, J. Zhao, and Q. Zhou, "Inner heat source model with heat and moisture transfer in soil around the 
underground heat exchanger", Applied Thermal Engineering, Vol. 25, No. 10, 2005, pp. 1565–1577.  
[11] J. Pfafferott, "Evaluation of earth-to-air heat exchangers with a standardized method to calculate energy 
efficiency", Energy and Buildings, Vol. 35, No. 10, 2003, pp. 971–983. 
[12] H. Wu, S. Wang, and D. Zhu, "Modeling and evaluation of cooling capacity of earth-air-pipe systems", 
Energy Conversion and Management, Vol. 48, No. 5, 2007, pp. 1462–1471. 
[13] V. P. Kabashnikov, L. N. Danilevskii, V. P. Nekrasov, and I. P. Vityaz, "Analytical and numerical 
investigation of the characteristics of a soil heat exchanger for ventilation systems", International Journal of 
Heat and Mass Transfer, Vol. 45, No. 11, 2002, pp. 2407–2418. 
[14] H. Su, X.B. Liu, L. Ji, and J.Y. Mu, "A numerical model of a deeply buried air-earth-tunnel heat 
exchanger", Energy and Buildings, Vol. 48, 2012, pp. 233–239. 
[15]R. Kumar, S. Ramesh, and S. C. Kaushik, "Performance evaluation and energy conservation potential of 
earth-air-tunnel system coupled with non-air-conditioned building", Building and Environment, Vol. 38, No. 
6, 2003, pp. 807–813. 
[16] M. Santamouris, G. Mihalakakou, A. Argiriou, and D. N. Asimakopoulos, "On the performance of buildings 
coupled with earth to air heat exchangers", Solar Energy, Vol. 54, No. 6, 1995, pp. 375–380. 
[17] N.M.Thanu, R. L. Sawhney, R. N. Khare, and D. Buddhi, "An experimental study of the thermal 
performance of an earth-airpipe systemin single passmode", Solar Energy, Vol. 71, No. 6, 2001, pp. 353–
364. 
[18] M. De Paepe and A. Janssens, "Thermo-hydraulic design of earth-air heat exchangers", Energy and 
Buildings, Vol. 35, No. 4, 2003, pp. 389–397. 
[19] D. Hillel, Introduction to Soil Physics, California: Academic Press, 1982. 
[20] D. L. Nofziger, “Soil temperature changes with time and depth: theory,” Department of Plant and Soil 
Sciences, Oklahoma State University, Oklahoma, USA, 2003 
[21] B. R. Becker, A. Misra, and B. A. Fricke, “Development of correlations for soil thermal conductivity,” 
International Communications in Heat and Mass Transfer, Vol. 19, No. 1, 1992, pp. 59–68. 
[22] M. Z. Yu, X. F. Peng, X. D. Li, and Z. H. Fang, “A simplified model for measuring thermal properties of 
deep ground soil,” Experimental Heat Transfer, Vol. 17, No. 2, 2004, pp. 119–130. 
[23] D. A. De Vries and N.H. Afgan, Heat transfer in soils, Heat and Mass Transfer in the Biosphere, 
Washington: Scripta Book Co., 1975. 
[24] H. Ben Jmaa Derbel and O. Kanoun, “Investigation of the ground thermal potential in Tunisia focused 
towards heating and cooling applications,” Applied Thermal Engineering, Vol. 30, No. 10, 2010 pp. 1091–
1100. 
[25] G. Mihalakakou, M. Santamouris, J. O. Lewis, and D. N. Asimakopoulos, “On the application of the energy 
balance equation to predict ground temperature profiles,” Solar Energy, Vol. 60, No. 3-4, 1997, pp. 181–190. 
[26] O. Ozgener, L. Ozgener, and J. W. Tester, “A practical approach to predict soil temperature variations for 
geothermal (ground) heat exchangers applications,” International Journal of Heat and Mass Transfer, Vol. 62, 
No. 1, 2013, pp. 473–480. 
[27] ASHRAE, Fundamentals 2013, Atlanta: ASHRAE, 2013. 
[28] S.S. Rattan, Strength of Materials, Delhi: Tata McGraw-Hill, 2011. 
 
 
The IISTE is a pioneer in the Open-Access hosting service and academic event management.  
The aim of the firm is Accelerating Global Knowledge Sharing. 
 
More information about the firm can be found on the homepage:  
http://www.iiste.org 
 
CALL FOR JOURNAL PAPERS 
There are more than 30 peer-reviewed academic journals hosted under the hosting platform.   
Prospective authors of journals can find the submission instruction on the following 
page: http://www.iiste.org/journals/  All the journals articles are available online to the 
readers all over the world without financial, legal, or technical barriers other than those 
inseparable from gaining access to the internet itself.  Paper version of the journals is also 
available upon request of readers and authors.  
 
MORE RESOURCES 
Book publication information: http://www.iiste.org/book/ 
Academic conference: http://www.iiste.org/conference/upcoming-conferences-call-for-paper/  
 
IISTE Knowledge Sharing Partners 
EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 
Archives Harvester, Bielefeld Academic Search Engine, Elektronische Zeitschriftenbibliothek 
EZB, Open J-Gate, OCLC WorldCat, Universe Digtial Library , NewJour, Google Scholar 
 
 
